Objective: The Swedish reimbursement system operates a system where prices are set based on the expected value to the consumer. This value can be measured using willingness to pay (WTP). Aim: To assess Parkinson's disease (PD) patients' WTP for newly developed microtablets of levodopa in combination with a drug-delivering electronic device (M/E) compared to standard treatment with levodopa in combination with the COMT (catechol-O-methyl transferase)-inhibitor entacapone (L/e). Method: A total of 2,000 randomly included PD patients had a postal questionnaire covering demographics, disease-specific issues, views on medication and WTP in different hypothetical scenarios. The first scenario was M/E with no change in effects or side effects; the second scenario was M/E with same effect and less side effects; and the third scenario was M/E with improved effect and less side effects. These scenarios were coupled to different costs to choose from. Results: A total of 999 patients (50%) responded, mean age of 71 years and a mean PD duration of 9 years. Of all respondents, 50% preferred M/E before L/e in scenario one with increasing preference to scenario three. The average monthly WTP among all respondents in scenario one was SEK 230 and SEK 226 in L/e, both with an almost longitudinal doubling up to scenario three. Duration of PD-related symptoms, high education, and high medication intake implied a higher WTP in all scenarios in contrast to age, sex, and extra doses of levodopa. Conclusion: WTP for M/E increased gradually with high medication intake and education as well as with expected increased reduction of PD symptoms.
Introduction
Since the 1960s, levodopa is a pharmacological drug that has been used in the treatment of Parkinson's disease (PD). 1 Often, the pharmacological treatment of PD is started with levodopa due to its favorable effect and initial few side effects. 2 Moreover, levodopa is the drug that eventually all patients get, even if starting with other anti-PD drugs. Standard prescription of levodopa is initially performed with tablets corresponding to a successively increasing dose of 50-100 mg three to four times daily. 3 This dose might sometimes be needed to be increased to a total dose of 600 mg to ascertain an effect on PD symptoms. However, new ways of administering levodopa with the objective of continuous dopaminergic administration has been addressed as an optimal way to mimic the physiological action of dopamine in the brain by having a smoother plasma concentration. 4 This concept of continuous dopaminergic stimulation has been practically difficult to administer. One way is to fraction levodopa in small doses several
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lökk et al times a day. 5 Another way is by adding the enzyme entacapone (Comtess), which prolongs the halftime of levodopa. 6 The latter mechanism increases the mean "on" time, ie, the time during the day without bradykinesia or hyperkinesia with 1.0-1.7 hours with a corresponding decrease of "off " time. Entacapone is a COMT (catechol-O-methyl transferase)-inhibitor, orally administered separately with levodopa or in a fixed combination with levodopa (Stalevo). 7 A new pharmacological possibility has recently emerged using microtablets containing 5 mg levodopa, enabling highly individual dosage. 8 These tablets are soluble and dispersible in water. To enable a convenient administration of these tablets, an electronic device has been developed, helping the patient with the medication delivery. This device resembles a preprogrammed smartphone, also having a container for the microtablets. It gives a visual and acoustic reminder to the patient when it is time to take the medication and distributes the actual dose from the incorporated container. Thus, this preprogramming of time and amount of medication makes it possible for the doctor and the patient to individualize, follow, and sustain compliance and persistence. 8 The combination of microtablets and electronic device has been shown to be as effective as an intake of the combination of levodopa + entacapone (Stalevo) rendering a smooth plasma concentration of levodopa over time. 9 It has also been shown to have similar pharmacological characteristics as standard treatment with levodopa of today. 8, 9 Thus, this new way of delivering levodopa would offer PD patientsespecially those with motor complications -another treatment alternative. Moreover, patients do not have to swallow tablets but can instead drink a solution prepared by these microtablets dispersed in water. The unique possibility to individualize the dose of levodopa in multiples of 5 mg enables titrating the lowest possible effective dose in combination with the electronic device thus dispensing tablets and reminding patients to take the drugs in a manner resembling continuous dopaminergic administration. Such an improved administration and dopaminergic stimulation will eventually improve the symptomatic effect and probably decrease side effects. It would naturally also be potentially beneficial for the quality of life of patients in line with the results of an earlier study on PD patients' preferences of treatment. 10, 11 These showed that patients found it hard to swallow tablets as well as to time the intake of tablets. The Swedish Dental and Pharmaceutical Benefits Agency (TLV) decides which prescribed medicinal products are granted reimbursement status in Sweden. The TLV operates a value-based pricing system (VBP) for patent-protected medicinal products.
VBP is a system where prices are set based on the expected value to the consumer. 12 This value can be measured using willingness to pay (WTP). WTP is the maximum amount that a person is prepared to pay for a commodity and is assumed to reveal the value of the commodity to that person. WTP is elicited by either observing people's behavior on the existing market (revealed preferences) or by asking people about their WTP on a hypothetical market (stated preferences). 13 To our knowledge there are no published studies on PD patients regarding their WTP for treatments -current, new, or potentially upcoming.
The primary aim of this study was to investigate PD patients' WTP for a new treatment of levodopa with microtablets in combination with an electronic device (M/E) for drug delivery compared with standard treatment with the combination of levodopa + entacapone (L/e).
The secondary aim was to investigate how side effects and disease severity affect the WTP.
Material
This is a cross-sectional study using simple random sampling. A sample of individuals with PD was identified from the member registries of the Swedish Parkinson Association. About 5,500 persons with a PD diagnosis are members of the Swedish Parkinson Association, which corresponds to approximately a fourth of all PD patients in Sweden.
14 A total of 2,000 PD members of the Swedish Parkinson Association were randomly included to have a postal questionnaire with one reminding letter. The data collection was performed during the period March 22-May 24, 2013. This study was primarily aimed at studying the preferences of patients currently receiving treatment with L/e, since these patients are the potential receivers of M/E. However, the questionnaire was also sent to patients currently receiving different types of treatment because it was not possible to identify L/e users in the member registry of the Swedish Parkinson Association. For the WTP part -where the respondent is asked to compare M/E with L/e -these patients were asked to skip the questions or assume that their current treatment had the same characteristics as L/e.
Method
Eligible patients had a postal delivery of a questionnaire which they were asked to fill in after informed consent. The questionnaire contained questions on demographics, diseasespecific questions, views on their medication (eg, swallowing difficulties, remembering the timing of medication intake), and the WTP for different hypothetical scenarios after having information of the meaning of WTP. assume that your doctor tells you that there is a new version of levodopa. This version means a new type of drug delivery. You take microtablets containing 5 mg levodopa per tablet using an electronic device which makes it possible to adjust the dose individually. also assume that the county council pays the entire cost of your current treatment. The county council will pay the same amount for the new version of levodopa, but since the new version is more expensive you need to pay the additional cost out-of-pocket. 1. You take your pills approximately 6-8 times per day. One pill contains 5 mg levodopa, which means that you can adjust your dose more precisely. 2. You bring your pills with you during the day in a tablet container or dose-dispenser.
2. You bring your pills with you during the day in the electronic device which you can attach to your belt or put in your pocket or bag. 3. You need to remember when it is time to take your medication.
3. The electronic device reminds you when it is time to take your medication by making a sound, light, and/or vibration, and distributes the dose from the incorporated container. 4. You take your pill by swallowing it with a glass of water.
4. You put your pills (5-20 pills) in an ordinary cup or glass of water. The pills are dispersed in 10 seconds and you drink the solution. 5. You need to remember when you have taken your pill, eg, by using a dose-dispenser or by making a note.
5. The electronic device records when you have taken your pills, what dose you took, and you are able to use the device to register your health. 6. You need to load the batteries for the electronic device at least everyother night. a. What treatment do you prefer? B. Would you be prepared to pay something to receive treatment with microtablets and electronic device? c. given your household's current income, what is the highest amount you would be prepared to pay per month to receive your treatment with microtablets and electronic device instead of your current treatment with stalevo/comtess? To help you answer this question, eight different amounts are presented below in a random order. indicate for each amount whether you would be willing to pay the amount, if you are unsure/don't know, or if you are not willing to pay the amount. amounts presented: seK80, seK800, seK300, seK50, seK3,000, seK10, seK1,500, seK1 per month. D. What is the highest amount you would be willing to pay to receive microtablets and electronic device instead of stalevo/comtess? e. How certain are you that you would pay this amount for microtablets and electronic device?
They were presented with different scenarios where they could choose from a no-cost treatment of L/e and different treatment scenarios with M/E ( Table 1) . The description of effect difference between the two administration types was based on a pharmacokinetic study comparing L/e and M/E, which earlier has shown a 50% reduction of plasma fluctuation of levodopa. 8, 9 As there are no direct comparative studies showing differences in effect or side effects between L/e and M/E, three hypothetical scenarios were presented to respondents: 1. M/E implies only a new way of administration and no change in side effects or effect. 2. M/E implies a new way of administration, less side effects but same effect. 3. M/E implies a new way of administration, less side effects and improved effect. Through this design, it would be possible to study the WTP for the three options by presenting them with different costs. 15 It was assumed that Stockholm County Council as standard procedure paid all if the respondent chose to have L/e. This was estimated to SEK 1,000 (EUR 110) per month. If the respondent chose to have M/E, it was assumed that the extra cost was to be paid by the patient himself. Then five questions were posed to the respondents in order to investigate the willingness to pay for M/E (Table 1) . To ensure that the WTP question would deliver valid answers, we applied methods which have been shown to reduce biases common in this type of study (eg, hypothetical bias and starting point bias), including the card-sorting procedure (question C, Table 1) , and certainty calibration for payers (question E, Table 1 ). 13, 16 The results are presented for all respondents and for the subgroup currently receiving L/e respectively.
An ordinary least squares regression is performed to assess whether WTP is significantly positively related to income. This is a validity test of WTP studies. The WTP was logarithmically transformed due to the skewness of the WTP data. The Regional Ethical Committee of Lund, Sweden provided an advisory statement where no impediments for the study could be found from an ethical standpoint. disease, less levodopa use, and more need of assistance compared with the whole group. Almost 85% of them also stated PD-related symptoms during the day compared with 78% of those without L/e, however with less reports of symptoms more than 2 hours a day and 6% more reports of no symptoms (Figure 1) . Of all respondents, 50% preferred M/E before L/e in scenario one (new way of administration). As expected, an increase of respondents preferred M/E in scenario two (new way of administration and less side effects) as well as in scenario three (new way of administration, less side effects and better effect). Respondents already on L/e were less prone to have M/E (Figure 2) .
The average monthly WTP among all respondents and those on L/e in scenario one was SEK 230 and SEK 226, respectively; SEK 252 and SEK 256, respectively, in scenario two; and SEK 396 and SEK 436, respectively, in scenario three (Table 4 and Figure 3A -C). The WTP was positively correlated to the respondents income in scenarios two and three but not in scenario one (Tables 5-7 ). An increase in income per consumption unit by SEK 1, 000 per month will increase WTP in scenario three by 2.77%, everything else held constant. However, age, sex, or extra doses of levodopa were not significantly correlated to WTP.
The views having most impact on WTP in scenario one were control of medication intake, and swallowing problems. Having PD-related symptoms, high education and medication
Results
Of the 2,000 PD patients included in the study, 999 (50%) responded with a completed questionnaire. Of these, 344 (34%) stated that they were treated with L/e. The mean age was 71 years, with 58% men. The distribution of age and sex of the respondents corresponded to that of the whole patient population.
14 Over 80% of the respondents were retired, and the median monthly income in the household was between SEK 30,000 and SEK 39,900 (EUR 3,300-4,210) ( Table 2 ). The mean PD duration was 9 years, and 78% stated their disease to be moderate to severe (Table 3) . One out of four reported need of help taking medicines, and three out of five used some sort of device as a medication reminder. Respondents on L/e had longer disease duration, more severe Figure 2 Proportion of respondents who prefer microtablets and electronic dispenser to stalevo/comtess. Notes: For situation 1, the number of all respondents was 636; and the number of respondents using entacapone was 301. For situation 2 the number of all respondents was 645; and the number of respondents using entacapone was 308. For situation 3 the number of all respondents was 624; and the number of respondents using entacapone was 296. intake as well as side effects with diarrhea or pain also implied a higher WTP in all scenarios.
Discussion
The WTP for this new type of drug-delivery administration with M/E was estimated to SEK 230 per month in all respondents and SEK 226 per month in patients on L/e. It was increased to double that amount if the new treatment also implied a decreased risk of side effects and reduction of symptoms by 50%. Those patients on L/e were less prone to prefer M/E than those who were not. However, those on L/e had a higher WTP if they were to choose M/E but having L/e per se was not significantly increasing the WTP. However, this was the case in all scenarios when having more PD symptoms and high medication intake and education level but not age, sex, or side effects. As expected, and according to economic theory, the higher the price was for M/E, the lower the share of respondents WTP. Also, according to economic theory, a higher WTP, the more advantages there were of M/E, ie, the WTP increased from scenario one to scenario three. The income was not significantly related to the WTP in scenario one but in scenario two and three they were significantly related. Around 30% of all respondents did not provide any answers to the WTP part. However, all of these respondents were not receiving the treatment that was used as a comparator in the WTP scenario (ie, L/e). These respondents were given the option to skip the WTP part or assume that their current treatment corresponded to L/e. A relatively large share of respondents, who responded to the WTP part, preferred L/e to M/E. The reason for this is unclear since the survey was not designed to elicit this. One reason might be that the respondents are not technology accustomed given the high mean age, and consequently skeptical of an electronic device in drug delivery. Also, the M/E treatment requires more frequent administration compared with L/e.
The description of the M/E treatment in the WTP scenarios was very specific, and the generalizability of the WTP estimate of this study is limited.
The survey is a contingent valuation study. This means that the respondent is presented with a change in a non-market good or service and asked what she or he would be willing to pay for this change. An alternative approach is choice experiment/discrete choice where the respondent is presented with a series of alternatives that varies according to certain characteristics -including cost -and asked to choose her/his most preferred. The contingent valuation approach provides an estimate of the WTP for the total value of the product, while the discrete choice approach provides an estimate of the WTP for individual attributes (such as convenience, single medication, route of administration, and safety). A limitation of the chosen design is therefore that it does not explicitly allow the identification of the drivers of the WTP. However, the design still allows some drivers to be identified implicitly. The WTP results from the three scenarios indicate the relative importance of convenience, less side effects, and less time with symptoms. Furthermore, the result of the 
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Willingness to pay for a new drug delivery in Parkinson patients regression show that time with symptom is an important driver of the WTP.
Naturally, there is a weakness of this study not having direct comparative studies between M/E and L/e regarding effects and side effects. However, this issue was not the aim of this study but would be interesting to investigate in future studies.
A future use of M/E might be a complement to the preexisting advanced therapies advocating the continuous dopaminergic stimulation or rather continuous dopaminergic delivery, which both aim at smooth continuous delivery of levodopa or dopamine agonists mimicking physiological processes eventually targeting the disturbed and dopamine depleted brain areas. 4 Pharmacological treatment of PD has undergone a marvelous development during the last decades with the launch of levodopa in the 1960s to the emergence of the current armamentarium of different drugs -dopamine agonists, enzyme-inhibitors, anticholinergics, apomorfine, and amantadine -targeting different processes of the dopamine metabolism and other processes. 17 In addition, there are also new advanced therapies addressed for advanced disease patients with drug delivery through pumps or brainsurgery with deep brain surgery. [18] [19] [20] [21] [22] As patients' wellbeing is one of the main purposes with professional health care, it is important to investigate patients' opinions of treatment and care and how they affect their wellbeing. Considering patients' preferences when new treatments are launched is also important in order to assess potential persistence and compliance. There are two studies on PD patients' preferences for a comfortable treatment, 10, 11 where one study reported that patients preferred having their anti-PD drug non-orally (ie, by a patch). 10, 23 The other study showed that most patients preferred having chewable levodopa before standard levodopa due to swallowing difficulties and the easier way of administration.
11
This is a first of its kind study elucidating the WTP of PD patients for treatments. The results of this study indicate the value that PD patients place on a new treatment in a way that can be directly compared with the cost of that treatment. This allows allocating resources according to patient preferences, which can increase wellbeing and treatment compliance.
Our results point in the same direction as other studies reporting that PD patients have different preferences regarding their medication. 10, 11, 19 In contrast to other studies, this study indicates how high PD patients value a simpler way of administration, less side effects, and better effect through assessing their WTP. Patients' assessment and WTP for new medications as well as their assessment for new ways of drug delivery can be of importance for future strategies in health care policy.
